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ABSTRACT
The typical earthquakes occurring at Mt. Vesuvius are Volcano-Tectonic.
On July 20, 2003, an unusual earthquake with low and narrow frequency
content was detected. The seismograms presented an emergent onset and
a nearly monochromatic spectrum at all stations of  the Osservatorio Vesu-
viano (Istituto Nazionale di Geofisica e Vulcanologia) seismic network.
The event was located at about 4 km b.s.l. close to the crater axis and an
equivalent duration magnitude of  0.6 was estimated. The nature of  this
event was investigated by comparing its features with those of  two typi-
cal Volcano-Tectonic earthquakes occurred inside the same source vol-
ume. We compared the spectral content calculating the spectrograms and
the coda patterns using the Hilbert Transform. A Seismic Moment Ten-
sor inversion was performed on the low frequency earthquake. The focal
mechanisms for the two Volcano-Tectonic earthquakes were estimated
with a classical technique and resulted compatible with the stress field
acting on the volcano. Taking into account the clear differences with the
typical Volcano-Tectonic events as well as the peculiarities retrieved from
our analyses (monochromatic, low frequency spectral content, and sus-
tained coda) and also some geochemical observations, we classify the un-
usual low frequency seismic event detected at Mt. Vesuvius as Long Period
earthquake and propose that its origin could be linked to a pressure drop
in the deep hydrothermal system.
1. Introduction
Mt. Vesuvius (southern Italy) is considered one of
the most dangerous volcano in the world being sur-
rounded by the metropolitan area of  Naples. After the
last eruption in 1944 the volcano entered a period of
quiescence, characterized by low magnitude seismicity
and hydrothermal activity. At this stage one of  the main
tasks of  the volcanologists is to reveal the eventual pre-
cursors of  the next eruption. To this aim it is fundamen-
tal the knowledge of  the background state of  the volcano
by studying, identifying and understanding the mecha-
nisms responsible for the recorded signals.
The monitoring and the classification of  seismicity
can allow the identification of  the processes occurring in
a volcanic system to gain information about its state and
evolution. Following Chouet [1996] it is possible to clas-
sify the earthquakes that occur in volcanic environment,
at frequencies higher than 1 Hz into two major cate-
gories. One category includes Volcano-Tectonic (VT) or
High Frequency (HF) quakes, that involve failures in the
brittle rock in which fluids do not influence directly the
source. Tensile failures produced by thermal contrac-
tion belong to this class. The source mechanisms of  VTs
are similar to those observed for tectonic earthquakes.
The other category comprises events in which fluids are
actively involved in the source process. Usually they are
related to a pressure transient generating resonance of
fluid-filled cavities (cracks, conduits, etc.). The source
responds with a prolonged ringing (Long Period (LP)
earthquakes, and volcanic tremor) at frequencies in 1-5
Hz band [Lahr et al. 1994, Chouet 1996, Neuberg et al.
2000]. Hybrid events, mixing LP and VT quake features,
represent the transition between the two categories.
Since LP earthquakes and tremor usually precede vol-
canic eruptions they are largely studied by the scientific
community [Lahr et al. 1994, Jolly et al. 2012].
The typical earthquakes occurring at Mt. Vesuvius
are low magnitude VTs. Besides these events, the net-
work also detects artificial events, namely quarry blasts
and artificial shots, fired in the bay of  Naples. These
kinds of  events are recognized and separated from VT
earthquakes on the basis of  visual inspection of  wave-
forms and their spectral content [Bianco at al. 2005]. To
improve the quality of  monitoring in the vesuvian area
a temporary small short-period seismic array was in-
stalled on the southern flank of  Vesuvius (Figure 1) in
June 2003 [Bianco et al. 2005]. 
On July 20, 2003, an unusual low frequency nar-
row band event was recorded by the Osservatorio Vesu-
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viano monitoring network; this event presented a
nearly monochromatic spectrum peaked at 3-4 Hz at
the stations. Bianco et al. [2005], taking advantage of
array techniques to infer the kinematic properties of
this event, established its natural and deep origin, and
classified it as LP volcanic earthquake, likely linked to
magmatic/hydrothermal activity. In the present paper
we investigate the dynamical features of  this unusual
earthquake, on the basis of  the results obtained by
Bianco et al. [2005], with the aim of  contributing to the
knowledge of  the seismic background state of  Mt.
Vesuvius in its quiescent stage. After a general overview
of  the volcanic system, we retrieve the major properties
of  the LP performing a spectral analysis, a study of  the
coda pattern, and a Seismic Moment Tensor inversion
to infer the source mechanism. At the same time, we
perform a quantitative comparison with the typical
vesuvian seismicity.
2. Somma-Vesuvius activity
Somma-Vesuvius volcanic complex (southern
Italy) is a strato-volcano, 1281 m high above sea level
(a.s.l.) and 10 km wide (Figure 1). It hosts the Vesuvius
recent cone, grown inside the older Somma caldera.
The edifice is interested by two regional normal fault
systems, trending NW–SE and NE–SW [Acocella and
Funiciello 2006, Di Renzo et al. 2007]. The NW-SE
faults involve the north-eastern sector of  Somma edi-
fice and the south-western sector of  Mt. Vesuvius. The
NE-SW structure affects the north-western sector of
Mt. Somma, where probably dips to dislocate the Meso-
zoic carbonatic basement, whose top can be encoun-
tered at a mean depth of  about 2/2.5 km. Besides these
regional structures, the Somma caldera and the south-
ern flank of  Mt. Vesuvius are crosscut by local eruptive
fractures, trending along EW and NS directions.
In recent epoch, at least 4 plinian eruptions oc-
curred (Pomici di Base, Mercato, Avellino, and Pom-
pei), alternated with moderate activities (sub-plinian
eruptions, strombolian activity, lava flows) and quies-
cent stages [Cioni et al. 1998, De Vivo and Rolandi
2001]. The most recent eruptive stage lasted from 1631
to 1944, and was characterized by a persistent open-
conduit activity. The present volcanism consists of  low
energy seismicity, CO2 degassing and low-temperature
fumarolic activity in the crater area, and thermal sub-
marine features [Chiodini et al. 2001, Caliro et al. 2011].
The current Mt. Vesuvius seismicity consists of  low
magnitude VT events [Del Pezzo et al. 2004a,b, Madonia
et al. 2008]. Most of  these earthquakes are located above
4 km below sea level (b.s.l.) inside a volume centered
along the crater axis. Depth distribution has a maxi-
mum at 2-3 km, in correspondence of  the transition be-
tween the volcanic edifice and the carbonatic basement
[Scarpa et al. 2002, Del Pezzo et al. 2004a]. The most
energetic earthquake occurred on October 9, 1999,
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Figure 1. Mt. Vesuvius map, with the position of  the seismic stations that recorded at least one of  the three analyzed seismic events and the
epicenters of  these earthquakes according to the legend in the bottom-right corner. On the right side the depth of  the three events is repre-
sented on the NS-section of  the volcanic edifice. The EW-section is shown at the bottom.
3about 4 km b.s.l. in correspondence of  the crater area,
with a duration magnitude MD 3.6 [Zollo et al. 2002,
Del Pezzo et al. 2004a]. The usual source dynamics
estimated for vesuvian VT is of  Double-Couple (DC)
typology, with Strike-slip and normal/reverse Dip-slip
focal mechanisms, and nodal planes mainly oriented
along the NW–SE and NE–SW directions [Bianco et
al. 1998, Ventura and Vilardo 1999]. The main orien-
tations retrieved for the P and T axes are NNE–SSW
and ESE–WNW directions, respectively, and ESE–
WNW and NNE/N–SSW/S directions, respectively
[Bianco et al. 1998, Ventura and Vilardo 1999, Zollo et
al. 2002]. Del Pezzo et al. [2004a] showed that the
deepest events have an average stress drop in the
range 1-10 MPa, with the shallowest events charac-
terized by stress drop of  up to 1 MPa. These authors
suggested that the shallowest low-stress drop events
are triggered by increasing pore fluid pressure gener-
ated by changes in the level of  the hydrothermal
aquifer, whose top is located at about 1 km b.s.l., be-
neath the crater [Caliro et al. 2011]. Conversely, high-
stress drop seismicity is mainly caused by the regional
tectonic stress release occurring in the pre-fractured
carbonate basement.
3. Instruments and data
On July 2003 the seismic network of  Mt. Vesuvius
comprised 12 1Hz-geophones, Mark L4C or Geotech
S13, of  which 5 were three- and 7 single-component.
The acquired signals were sampled at 100 Hz. 
On June 2003 a small-aperture seismic array was
installed on the south-eastern flank of  Mt. Vesuvius in
proximity of  the three-component station BKE (Figure
1), about 1 km from the crater and 800 m a.s.l. Two
temporary stations (BE1 and BE2) were installed close
to BKE to form a triangular geometry with a maximum
aperture of  200 m. In November 2003 an additional ver-
tical seismometer (BE3) was installed. More accurate
information is available in Bianco et al. [2005]. Cur-
rently the array is no more operative.
In Figure 1 we show the map of  the stations that
recorded the signals analyzed in this study. 2 of  these
stations are three-component, BKE and OVO, and 8, in-
cluding BE1 and BE2, are vertical. 
A basic study of  the LP event was carried out by
THE FIRST LP DETECTED AT MT. VESUVIUS
Figure 2. LP event seismograms recorded on the vertical components of  Mt. Vesuvius Permanent Seismic stations. On the vertical axis the
normalized ground velocity is reported.
Figure 3. Analyzed event seismograms. 1) The LP event seismo-
grams: A) EW, B) NS and C) V component of  ground velocity
recorded at BKE station. 2) The VT1 seismograms: A) EW, B) NS
and C) V component of  ground velocity recorded at BKE station. 3)
The VT2 seismograms: A) EW, B) NS and C) V component of
ground velocity recorded at BKE station.
Bianco et al. [2005]. Since the location of  the LP event
is made difficult by the emergent onset of  the signal
(Figures 2, 3.1), they obtained an acceptable hypocenter
position by combining a cross-correlation technique
and a 3D-probabilistic procedure (NonLinLoc algo-
rithm [Lomax et al. 2000]; 3D velocity model [Scarpa
et al. 2002]). According to this location (Figure 1, red
circle) the LP event occurred along the crater axis at a
depth of  (4.1 ± 0.4) km b.s.l. 
With the aim of  investigating the nature of  the LP
event we compared it with test-VT earthquakes. We re-
quired that test-VTs must have high quality signals
(good signal-to-noise ratio, locatable, signals recoded
by all the three-components of  BKE station, no ampli-
tude clipping, peculiar and clear spectra) and occurred
inside a small volume around the LP hypocenter. We
found two suitable candidates:
– January 28, 2002, 09:55 UTC, MD 1.3, depth (3.8 ± 0.2)
km b.s.l., hereinafter VT1 (Figure 3.2);
– December 4, 2007, 02:44 UTC, MD 0.9, depth (3.5 ±
0.3) km b.s.l., hereinafter VT2 (Figure 3.3).
The reported depths are calculated by using Non-
LinLoc algorithm (Figure 1, green and blue circle for
VT1 and VT2, respectively). The two VTs are charac-
terized by Ts-Tp of  about 1 s. 
The MD value for the two VTs was estimated using
a relation between the magnitude and the signal dura-
tion, expressly calibrated for vesuvian VT earthquakes
[Bianco et al. 2005] recorded at the vertical component
of  OVO station (Figure 1).
Bianco et al. [2005] estimated the Equivalent Du-
ration Magnitude (EDM) for the LP by using a method
based on the measurement of  the signal amplitude
from the displacement spectrum, finding a value of  0.6.
4. Data analysis
We use the three-component BKE station (Figure
1) as reference station for our analyses since it is the
closest to the crater and has the best signal/noise ratio.
4.1. Spectral content and coda decay
We compared LP, VT1 and VT2 on the basis of
their spectral content. We calculated the amplitude
spectra (Figure 4) and spectrograms (Figure 5) (FFT)
on 25 s of  signal recorded by the three-components of
the ground motion at BKE station for the 3 events. The
LP event shows a quasi-monochromatic spectral con-
tent in 3-4 Hz frequency band (Figure 4; Figure 5, pan-
els LP.1, LP.2 and LP.3). Moreover the LP main
frequency content is persistent in time. On the other
hand, for the two VTs the energy mostly concentrates
in the band 5-10 Hz for all the components (Figure 4
and Figure 5, VT1 and VT2 panels) showing further
peaks in 10-15 Hz on the vertical components.
To ensure that local effects do not introduce biases
on the results, we calculated the amplitude spectra also
for LP, VT1 and VT2 recorded at the three-component
OVO station (Figure 6). The spectra of  the LP are
broader than in the case of  BKE (Figure 4), but they re-
main below 6-7 Hz, with the main peaks around 3-4
Hz, the same frequencies observed at BKE. On the
other hand a shift of  the most energetic bands toward
lower frequencies for the VTs are clearly observed (Fig-
ure 4). This shift can be likely attributed to attenuation
effects [Bianco et al. 1999].
With the aim to investigate the coda decay, we
calculated the envelope of  each earthquake at BKE
station by estimating the Hilbert Transform in three
frequency bands, chosen on the basis of  the signal
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Figure 4. Spectral amplitudes vs frequency for the three analyzed events at BKE station. In the upper-right corner of  each panel the event
and the ground motion component are specified.
5spectral content: 1-15 Hz, 1-5 Hz and 5-15 Hz. We cal-
culated the natural logarithm of  the envelopes and ap-
plied a smoothing algorithm (Figure 7, EW component).
Then we synchronized the envelopes respect to the P-
wave onset (Figure 7, light gray vertical lines), TP, and
calculated the theoretical starting time of  the coda-
waves, TC, as two times the S-wave travel time. Since
the three earthquakes share the same source volume,
the TC-TP values are very close and we assigned the
mean, TC-TP = 3.66 s, as unique value for the three
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Figure 5. In each panel the spectrogram (upper graph) and the trace (bottom graph) refer to the specified component of  BKE station. The
spectrograms are represented with a normalized color scale, from blue (lower values) to purple (higher values). The panels numbered with
1, 2 and 3 refer to the EW, NS and V component respectively. 
Figure 6. Spectral amplitudes vs frequency for the three analyzed events at OVO station. In the upper-right corner of  each panel the event
and the ground motion component are specified.
earthquakes (Figure 7, dark gray vertical lines). We com-
pared the coda decay for the three earthquakes by cal-
culating the slopes of  the linear fits (Figure 7, the least
mean square, red lines) of  the coda logarithm envelopes.
The duration considered for the coda analysis was fixed
at 22 s (Figure 7, red lines) by considering that VT1 has
a total duration of  27 s and VT2 of  25 s, and the LP is
longer (Figure 3). From the estimated slopes and the as-
sociated errors (reported in Table 1 for the EW compo-
nent) the following observations can be done:
– The two VTs have the same slope in all the frequency
bands;
– The LP slope is significantly different from the two
VTs’.
These observations are indicative of  a different
phenomenon in the generation of  the LP signal respect
to a typical VT. 
Moreover the envelope of  LP results above the
mean noise level (Figure 7, dashed black lines) well over
the duration of  the two VTs (Figure 7, blue lines) in
each frequency band. This signature is frequently ob-
served in Long Period seismicity of  other volcanoes
[Chouet 1988, Jolly et al. 2012].
4.2. Source characteristics
We performed a Seismic Moment Tensor (SMT)
inversion for the LP event using the technique devel-
oped by Herrmann and Ammon [2002]. We assumed a
point source and performed the inversion of  the wave-
forms in the time domain for the first 2 s of  signals after
the P-wave onset. We used the signals from the 9 sta-
tions, 2 of  which are three-components, that operated
in that period. The windowed signals were filtered in
the 1-5 Hz frequency band. Green functions for dou-
ble-couple and explosive sources in the depth range 0-
6 km b.s.l. in 1D-layered velocity model (adapted from
the 3D model of  Scarpa et al. [2002]) were generated.
Synthetic signals were cut and filtered as the observed
signals. We performed a full unconstrained inversion
for SMT and depth, in the depth range 0-6 km. The
goodness of  each solution is evaluated by the compar-
ison between the observed signals and the synthetics
generated by a test source, quantified by the variance
reduction parameter:
(1)
where si is i-th synthetic sample and di i-th real sample.
The more v2 is close to 1, the more the synthetics re-
produce the real signals. In our case the best solution has
a v2 of  0.6 and corresponds to a depth of  3.8 km, com-
patible with the hypocenter depth retrieved with the 3D
location. We are aware that the retrieved best source
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Event (1-15) Hz (1-5) Hz (5-15) Hz
LP -0.041 ± 0.005 -0.043 ± 0.005 -0.031 ± 0.004
VT1 -0.10 ± 0.01 -0.028 ± 0.003 -0.12 ± 0.01
VT2 -0.10 ± 0.01 -0.032 ± 0.003 -0.14 ± 0.01
Table 1. Slopes and associated errors obtained for the EW compo-
nent of  BKE station.
Figure 7. Comparison of  the natural logarithms of  the envelopes of
the EW component for the three events. Three frequency bands are
shown, as indicated in the upper-right corner of  each panels. The
black dashed lines indicate the logarithm of  the mean noise enve-
lope in each frequency band, estimated over a time interval of  10
minutes. The vertical light gray lines mark the P-onset, while the
dark gray lines mark the coda theoretical starting time. The red lines
evidenced the coda envelopes used for the comparison, with their
linear fits, while blue lines highlight the actual LP coda. 
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7modeling with v2 = 0.6 is able to reproduce the observed
signals quite well with the following limitations:
– We used a simplified velocity model not including the
topography;
– In the inversion procedure we considered Green func-
tion generated by double couple and explosion point
forces;
– A high level of  noise affects the entire seismic net-
work, also in the frequency band of  interest.
In Figure 8C we show the SMT components re-
sulted from the inversion on a Source-Type Plot [Hud-
son et al. 1989]. In this representation, the ratio of  the
principal moments (components) defines the position
of  the point that is associated with a given source mech-
anism. The horizontal (T) and vertical (k) coordinates
are defined as
(2)
where m1 and m3 are the smallest and the largest devia-
toric principal moments, respectively, and mo is the
isotropic one. According to this definition, the hori-
zontal coordinate is linked to a Compensated Linear
Vector Dipole (CLVD) source type, while the vertical
component is a measure of  the volume change. The ad-
vantage of  this representation is that the parameters T
and k are independent from non-unique decomposi-
tions of  the SMT. The figure shows that our solution is
very close to a pure DC, meaning that the source dy-
namics is dominated by a fracture mechanism.
We checked the stability of  SMT inversion result
through a jackknife test [Efron 1982, Dreger et al. 2000],
a resample method in which all the possible subsets of
the data are inverted to evaluate if  a certain station or a
combination of  stations control the inversion. If  the
total number of  station is N, all the possible subsets are
composed by N-j stations, with j = 1, …, N-3, without
duplications. Fixed the source depth value, we assumed
that the SMT solution for all the stations is approxi-
mately the true solution. For each combinations of  the
N-j stations we calculated DC, ISO and CLVD mean per-
centages and their standard deviation. We found that the
means tend to asymptotic values which indicates a poor
influence of  local biases on the solution and a scarce de-
pendence on the azimuth.
The comparison between the observed signals and
the synthetics generated for the retrieved source is re-
ported in Figure 8A, together with the stereographic pro-
jection associated with the double couple (DC) source
mechanism and the relative fault geometrical parame-
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Figure 8. Seismic Moment Tensor inversion results. (A) Comparison between the real seismic signals (red lines) of  the LP event and the syn-
thetics (blue lines) generated for the best source retrieved by the inversion. Z is the vertical, R the radial and T the transversal component
of  the ground velocity. (B) The retrieved double couple mechanism is reported with the associated geometric parameters (S = strike, D =
dip and R = rake). P (compressional) and T (tensional) axes are indicated. (C) Source-Type Plot of  k (vertical coordinate) and T (horizontal
coordinate) parameters. The loci for pure DC, CLVD, dipole, crack and isotropic (V) source are marked. The red circle corresponds to the
k and T values calculated for the LP event.
ters (B). This plot shows a general good agreement be-
tween observed and synthetic signals, especially for the
S-phases on the radial and transversal components of
BKE station. The fit gets worse as the distance from the
crater increases, probably due to the contamination of
path effects. The worst fit corresponds to OVO station,
likely caused by the low signal-to-noise ratio. The calcu-
lated DC mechanism is compatible with the local stress
field (see Section 2):
– nodal plane strike about 210° or 120° (NE-SW or SE-
NW);
– compressional (P) axis trend ~90° (compatible with
ESE-WNW);
– tensional (T) axis trend ~330° (compatible with N-S).
We also tried to perform the inversion of  the two
VTs’ waveforms filtered in 1-5 Hz frequency band, but
the corresponding v2 values resulted less than 0.1.
On the other hand, since the two VTs have clear
P-wave onsets (Figures 3.2C, 3.3C), we were able to cal-
culate their focal mechanisms from P-wave polarities
using the standard grid-search code FPFIT [Reasenberg
and Oppenheimer 1985]. We found two solutions, a
right-lateral strike-slip and a thrust, for VT1 (Figure 9,
upper plot). Although the right-lateral strike-slip is
more usual for the vesuvian VTs, both mechanisms are
compatible with the local stress field and hence we have
no elements to discard one or the other. For VT2 we
found a left-lateral strike-slip faulting (Figure 9, bottom
plot), another common mechanism for Mt. Vesuvius.
5. Discussion and conclusions
LP earthquakes, together with volcanic tremor,
constitute powerful indicators for hazard assessment,
since their associated signals are usually observed be-
fore and during the eruptions. The underling dynam-
ics is a very difficult task because it concerns the coupling
between hydrothermal/magmatic fluids and rock, even
though their link to fluid circulation and pressure vari-
ations caused by physical-chemical processes is widely
recognized. In the present paper we have further inves-
tigated the nature of  the Vesuvian LP event comparing
its features with those of  two typical VTs. The ideal
candidates for this comparison are obviously earth-
quakes that occurred in a volume close to the LP source
and with comparable magnitude. Unlike the standard
VTs, the LP shows a monochromatic long-duration
coda (Figures 6, 7), that is a peculiarity of  LP seismicity
observed in volcanic environment and is generally at-
tributed to fluid filled crack resonance (eigen-oscilla-
tions) [Chouet 1988, Lahr et al. 1994, Neuberg et al.
2000, Jolly et al. 2012].
The SMT inversion results indicate that the first 2
seconds of  the signals are generated by a dominating
fracturing process that, in turn, could indicate that the
July 20, 2003, earthquake is an Hybrid earthquake
[Chouet 1988, Lahr et al. 1994, Neuberg et al. 2000, Har-
rington and Brodsky 2007, Jolly et al. 2012]. Even though
the SMT retrieved fault mechanism is compatible with
the local stress field (Figure 8), this interpretation leads to
some inconsistencies. Hybrid events generally show an
impulsive high frequency onset, typical of  rock fractur-
ing, that is absent in this earthquake. This lack cannot be
attributed to an attenuation effect since we find the pres-
ence of  high frequency peaks in the P-wave of  very low
energy earthquakes (MD = 0.4) generated at depths in
the range 3.5-4.1 km b.s.l. at Mt. Vesuvius in 1999. As an
example in Figure 10 we show the seismogram and the
amplitude spectrum of  the MD = 0.4 VT recorded on
December 19, 1999, at BKE station, that was only verti-
cal-component at that time. This earthquake was located
at 4.1 ± 0.2 km of  depth and its spectrum shows clear
high frequency peaks, with the highest at 16 Hz. More-
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Figure 9. Focal mechanisms calculated for VT1 (up) and VT2 (bot-
tom). P and T axes are indicated.
Figure 10. Seismogram (A) and the amplitude spectrum (B) of  the MD = 0.4 VT recorded on December 19, 1999, at BKE station (vertical
component only at the time of  the recording).
9over we exclude that a low-velocity rupture [Harrington
and Brodsky 2007] could have generated the July 20,
2003, earthquake since for such mechanism a coda decay
with the same rate of  VTs is expected because coda du-
ration would be the result of  path effects rather than of
the source. It is likely that the uncertainties which affect
the SMT analysis are too large to obtain a reliable result.
Possibly the medium of  propagation is too much com-
plex for the approximations made to generate the
Green’s functions. We remark that the Green’s functions
were generated for a 1D-layered velocity model and
without taking into account the topographic effect.
It seems more plausible that the unique Vesuvian
LP earthquake involves the classical model of  eigen-os-
cillations of  a fluid-filled crack on the basis of  the wave-
form and the spectral content. The presence of
hydrothermal fluids, namely brines, at the depth of  the
event hypocenter is settled in the conceptual geochem-
ical model of  the volcanic system of  Vesuvius depicted
by Caliro et al. [2011]. Moreover perturbations in the
deep fluid system at Mt. Vesuvius in coincidence with
the LP occurrence are evidenced by the groundwater
analysis of  Federico et al. [2013]. The Vesuvian hydro-
logical system consists of  two main circuits, the north-
ern, more indicative of  the shallower fluids, and the
southern, more influenced by the deep water, with a
strong contribution from the brine [Federico et al.
2002]. The mid-2003 was characterized by many con-
temporary anomalies in the water chemistry (water
temperature, HCO3, NO3, SO4/HCO3) in some wells
and one spring of  the southern sector. These observa-
tions are in agreement with the composition changes
in the magmatic volatiles of  the crater rim fumarole
(He and CO2), observed by Caliro et al. [2011]. Federico
et al. [2013] suggest that these anomalies can be as-
cribed to a deep pressure drop occurred during the
phase of  exhaustion of  degassing of  the deep fluids.
The generation of  the LP seismic event could be linked
to this drop of  fluid pressure.
The uniqueness of  the July 20, 2003, earthquake is
a limitation for our model since a statistics concerning
any type of  LP seismicity detected in the investigated
area does not exist. Nevertheless, this work intends to
be a first step toward the construction of  such a statis-
tics, and to give a term of  comparison for the eventual
future occurrence of  LP seismicity. 
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